Introduction
There are several components in the human brain which are capable of producing magnetic fields (MFs) including brain cells (i.e. neurons and glial cells), biogenic magnetites, microtubule proteins, ferritin (an iron storage protein), iron in the blood of the brain, etc. Most human brain cells are neurons and glial cells which produce electric pulses due to ion currents through their membrane, which result in generation of their local surrounding MFs. The neuronal networks are electrically excitable and communicate with the neighboring cells through action-potential, a phenomenon by which waves of openings and closures of voltagegated channels are spreading, that lead to trigger exocytosis of neurotransmitters (1) . Glial cells supply essential energy for neuronal function, regulate efficacy of synapses and have also supportive roles for neurons (2) . Astrocytes, a sub-type of glial cells in the central nervous system (CNS), are crucial for controlling cerebral blood flow, synapse architecture and release of neurotransmitters for regulation of neuronal excitability (3) . Neurons communicate with astrocytes through cell-cell adhesion junctions and intracellular Ca2+ signaling (2) . Astrocytes tend to produce steady-state magnetic fields (dc) while neurons generate time-varying magnetic fields (ac) (4, 5) . The strength of MFs are proportional to intracellular action currents but are inversely related to the distance from the cells (5) . Circulating electric currents from nervous and other excitable tissues are able to produce MFs in an extremely lowfrequency range (6) . Since a single astrocyte connects to thousands of adjacent neurons via the relative synapses, it seems that the axonal MFs would alter resting astrocyte MFs (7) . In recent studies, the hypothesis in which memory and information would be stored as magnetic forms in astrocytes is expanding. It is mentioned that neuromagnetic interactions between neurons and neighboring astrocytes in neocortex would be the basis of memory formation (2, (6) (7) (8) . Astrocytes may serve as a dynamic information sink for neurons and the memory would be stored by organizing the activity of ion channels (9) . However, there is a principal unanswered question about the genus of information and memory in the brain; how could we recall the events in a variety of times or forget them? It has been proposed that nearly all sorts of information could be maintained as the form of neuronal activity-associated magnetic fields (NAAMFs) (6) . Thus, alterations of MFs in the brain is expected to affect memory function. The collaboration of the bundles of NAAMFs in close proximity to other neuronal circuits with neighboring NAAMFs would describe the ability of brain to recall or fade recent and remote events. This ability could be changed through the alterations of the principal characteristics (frequency, intensity and spatial orientation) of NAAMFs in a specific neuronal circuit (6) . NAAMFs may polarize the static astrocyte MFs in the vicinity of neuronal networks affecting the memory. Alterations of static astroglial MFs around the neuronal networks would probably modify some passive membrane properties of neurons. It seems that levels of consciousness and wakefulness are generally linked to the neuronal and astroglial activities across the cerebral cortex (7).
Biogenic ferromagnetic magnetites (Fe3O4) were discovered in various regions of human brain associated with memory (10, 11) . Magnetites are also distributed in cell membrane of neurons and glial cells and could play some roles in biochemical or biophysical processes of membrane ion channels (12, 13) . Biogenic magnetites constitute permanent magnetic crystals as single-domain forms which are mentioned as biological bar magnets (12) . It is suggested that magnetites could have an impact on magnetic signals inside the neocortex. NAAMFs tend to affect the orientation and distribution of biomagnetites in neuronal and astroglial membrane. It seems that the brain magnetites which are distributed through neuronal and astroglial networks, are conserved during the evolution and play roles in information transduction and storage in the neocortex (13, 14) .
On the other hand, several studies have suggested that microtubule (MT) proteins are involved in brain cognitive behaviors, consciousness, information storage, etc. (15) (16) (17) and are able to generate electromagnetic fields (EMFs) around themselves with strong electric components through vibration (18, 19) . MTs are one of the most important proteins in the brain cells especially neuronal axons, which play key roles in signal transduction and vesicle transport (20) (21) (22) . Furthermore, MT dysfunction is observed in neurodegenerative diseases (23) (24) (25) . MTs are composed of polar subunits called tubulin which has dipole moments about 1714 Debye (26, 27) demonstrating magnetic anisotropic properties (28) . MTs which are negatively charged are mostly located on C-terminal regions (27, 29) . Vibrations of tubulin heterodimers could result in EMF generation (19, 30, 31) which participate in conduction pathways for electron mobility and consciousness (32) . The essential energies for excitation of MT vibration are possibly supplied by energy released from GTP hydrolysis during dynamic instability of MTs, energy transferred from moving of motor proteins on MTs and energy released from mitochondria as "wasted energy". The frequencies of MT oscillations are estimated to range between kHz to GHz (19, 33) . MT proteins are able to constitute parallel orientation under the exposure of exogenous MFs (34) . Since MTs represent ferromagnetic behaviors (35, 36) , changes of environmental MFs can affect the MT stabilization and function(37).
According to above evidences, MT networks could be involved in magnetic communication in neocortex. Therefore, the interactions between MTs and MFs are crucial and must be taken into account. Hence, PC12 cells were utilized as a model of sympathetic neurons to survey the effects of static magnetic fields (SMFs) on morphological properties of neural cells. In this study, we investigated the effects of external SMF on MT structure and function as an important molecule in neocortical magnetic communication and magnet bars were exploited as a source of SMF producer. MT polymerization and structure were studied by turbidity method, electron microscopy and fluorescence spectroscopy.
Materials and Methods

-Tubulin preparation and purification
Tubulin was prepared freshly from sheep brain after homogenization in PEM buffer (100 mM PIPES pH 6.9, 2 mM MgSO4 and 1 mM EGTA) followed by two cycles of temperature-dependent polymerization-depolymerization. Polymerization of MT protein was accomplished by adding 1 mM GTP and 3.4 M glycerol at 37⁰C. Depolymerization process took place at 4⁰C (38, 39) . Purified tubulin (without MT-associated proteins) was obtained after application of phosphocellulose P11 column chromatography (39) . Tubulin fractions were immediately frozen in the liquid nitrogen and stored at -70⁰C for further experiments. Acquired tubulin was highly pure as analyzed by SDS-PAGE (data was not shown) and two distinct bonds of α and β subunits were clearly observed. Tubulin concentration was measured 2 mg/ml using Bradford method (40).
-Analysis of tubulin assembly
Tubulin assembly was recorded by turbidity measurement (41) using a Cary-100 Bio UV/Visible spectrophotometer equipped with a temperature controlled accessory (Varian, Australia). Two magnet bars were located at two opposite sides of cuvette holder to study the effect of SMFs during tubulin polymerization process. Tubulin assembly was initiated by addition of 1 mM GTP at 37⁰C and monitored at 350 nm for 30 min.
-
Measurement of fluorescence emission
All fluorescence experiments were carried out using a Cary eclipse fluorescence spectrophotometer (Varian, Australia). A magnet bar was located on the top of cuvette holder to produce SMFs during the detection of tubulin fluorescence emission.
8-anilino-1-naphthalenesulfonic acid (ANS) was used for further investigation on tubulin conformational changes under the SMF exposure. Tubulin was incubated with 50 µM ANS at 4⁰C for 7 min. Fluorescence emission of ANS bounded to tubulin was recorded between 450-650 nm every 10 min followed by excitation at 380 nm (42, 43 ).
-Transmission electron microscopy (TEM)
Tubulin proteins were assembled to the MTs during the exposure of SMFs generated by a magnet bar. MT proteins were diluted to 0.5 mg/ml in PEM buffer with 3.4 M glycerol at 37⁰C. The samples containing assembled MTs (10 µl) were loaded on formvar-coated TEM grids and incubated at room temperature for 1 min. The liquid was subsequently wicked-off with a filter paper. Uranyl acetate 1% (10µl) was loaded on the grids for negative staining and wicked-off with a filter paper after 1 min. Sample grids were visualized using a HU-12A transmission electron microscope (Hitachi, Japan).
-Cell culture PC12 cells were utilized to assess the effect of SMFs on neural cells. PC12 cells were derived from a rat pheochromocytoma, a tumor of the adrenal medulla (44) . A frozen stock of PC12 cells was grown for 7 days in RPMI-1640 (Gibco) medium containing 5% horse serum (Gibco), 15% fetal bovine serum (Gibco), 100 mg/ml streptomycin and 100 mg/ml penicillin in a 96 well cell culture plate in a 5% CO2 incubator at 37°C. Afterwards, a magnet bar was located at one side of the plate to produce the SMF gradient along the plate. PC12 cells were growth under the described conditions for 48 -72 hours and were visualized using Axiovert 25 inverted microscope (Ziess, Germany). MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) colorimetric assay were performed in a 96 well cell culture plate (45) to assess the cells viability in the presence of the SMF gradient using Powerwave XS2 microplate spectrophotometer (BioTek, USA).
-Statistical analysis
All experiments were conducted at least three times and the final data were presented as the mean±S.E.M. In this study, the difference between means was determined by one-way analysis of variance (ANOVA) followed by a StudentNewman-Keuls test for multiple comparisons and the changes were considered significant at P< 0.001. All statistics were performed with Sigma Plot Version 12 (Systat Software Inc., CA).
Results
-Enhancement of tubulin assembly
Tubulin was polymerized in the presence of the SMF generated by the magnet bar. The absorbance of tubulin solutions at 350 nm was increased 10% and 30% in the presence of 150 mT and 300 mT SMF respectively ( Figure 1A ) meaning the enhancement of MT levels. The linear slope of MT elongation phase was also increased 3% and 17% respectively as indicated in Fig. 1B . MT polymerization process was not attained to steady state at the right time in the presence of SMF at 300 mT and the ascending slope at the steady state phase was abnormally observed in Figure 1A . As a result, it seems that the SMF could also disturb the steady state phase of MT polymerization. To evaluate the effects of SMFs on MT proteins, polymerization was performed normally until the end of elongation phase of tubulin assembly and then the magnet bar was employed to produce SMF for formed MTs. No differences in absorbance at 350 nm were observed (data was not shown), meaning that MT polymers were not affected by the SMF. It seems that SMF affects the tubulin dimers during polymerization.
TEM was employed to support the existence of MT polymers in the presence of SMF. MTs were visualized clearly as hollow cylindrical rods. The elevated levels of MTs were observed in the presence of SMF (Figure 2 ).It seems that the straight orientation of MT rods was affected and reclined under SMF exposure (Figure 2 ). MT density was measured as high as 14±5 MTs/µm 2 in the presence of SMF while the control was 5±1 MTs/µm 2 at the same conditions. Consequently, acquired results of UV/Visible spectrophotometer was supported by TEM outcomes.
-SMF alters the hydrophobic pockets of tubulin structure
Fluorescence emission of ANS binding to tubulin was recorded between 450-650 nm followed by excitation at 380 nm for further investigations. The fluorescence intensity was considerably increased 35% after 60 min exposure of 50 mT SMF ( Figure  3 ). Bovine serum albumin (BSA) was used instead of tubulin as a control and the same experiment with the same conditions was repeated. No significant changes were found in the fluorescence emission of ANS binding to BSA in the presence of SMF (data was not shown). It indicates that the SMF affects the tubulin structure specifically and makes tubulin hydrophobic regions to be exposed.
PC12 cells were incubated in the presence of SMF gradient for 72 hours using a magnet bar. We found PC12 cells to appear abnormally near the magnet bar ( Figure 4B ). Whatever the cells shifted far from the magnet bar where the strength of SMF became weaker, spindle and spherical forms of PC12 cells were normally found ( Figure 4A ). This indicates that SMF affects the shape of PC12 cells. MTT colorimetric assays did not indicate any remarkable changes in PC12 cells viability neither near nor far from the magnet bar. 
Discussion
Static magnetic fields (SMFs) affect macromolecules and living cells through three mechanisms; 1) SMFs exert effective forces on molecules to make ion flows leading to electric currents, 2) SMFs induce magnetic torques on ferromagnetic materials and certain molecules which possess dipole moments, 3) SMFs modify energy levels and spin orientation of electrons in macromolecules (46, 47) .
Dynamic property of MT proteins is crucial for neural cells function. Hence, changes of such specificity affect the axonal functions. Analysis of UV-Visible spectroscopy results revealed that SMFs increased MT polymerization. Tubulin has anisotropic properties and MT displays ferromagnetic behavior which has been shown to be affected by magnetic particles (48) . Since MFs interact directly with ferromagnetic and anisotropic materials resulting in charge currents (46) , SMF affects the MTs and may induce magnetic dipoles in tubulins. It is proposed that cylindrical shape of MT could be the outcome of tubulin dipole-dipole interactions (49) . Hence, such interactions would be established more powerful under the exposure of SMFs and the relative released energy would be increased. SMFs would induce torques on dipolar proteins such as tubulin, which could lead to oscillations of bound charges, rotation and reorganization of assembling tubulins (50) . The ascending linear slope of MT elongation phase indicated that the rate of MT polymerization was also increased. Hydrolysis of GTP to GDP could supply enough energy for MT vibrations (19) and is essential for tubulin assembly. We propose that SMFs could provide a part of required energy for MT vibrations leading to increase collision plausibility of tubulin dimers which could consequently elevate the rate of MT polymerization and organization (51) .
According to increasing of ANS fluorescence emissions, it seems that third structure of tubulin was changed. Tubulin dimers possess two hydrophobic regions which include 36 unpaired electrons (52) . Hence, motion of delocalized electrons along MTs is possible and this mediates charge transfer in the tubulin structure (18) . Transition of electrons between proteins results in conformational changes (53) . Therefore, SMFs exerted magnetic forces on tubulin hydrophobic pockets leading to alteration of surrounding electron clouds. Spin of uncoupled electrons could orient toward MFs which would induce conformational changes. Hence, the hydrophobic regions of tubulin dimers were unpacked in a timedependent manner. Since interactions of MT subunits are based on hydrophobic regions (54), tubulin-tubulin interactions would be strengthened by the exposure of SMFs.
The outcome of cell culture demonstrated that pyramidal forms of PC12 cells were found in the presence of SMFs but no significant changes were occurred in the cells viability. The alteration of cells shape and surface morphology is connected to cytoskeleton organization (55) including MT arrangements. Therefore, changes of MT polymerization and tubulin structure would alter the cell shape and size. On the other hand, each tubulin heterodimer binds to 18 Ca2+ (18, 36) , thereby SMFs would affect either intracellular MTs structure directly or Ca2+ levels in the cells leading to morphological changes of the cells.
Conclusion
According to effects of SMFs on MT proteins, we propose that MT networks are involved in neuromagnetic communications in neocortex due to electromagnetic properties of MTs. Generated MFs by action-potential would assist MT dynamics, orientation and signal transduction in axons trough excitation of MT vibration, induction of magnetic dipoles in tubulin dimers, orientation and flow of unpaired electrons. Therefore, alterations of MFs in brains or exposure to exogenous MFs would affect axonal MT structure, polymerization and orientation giving rise to changes in neural cells' shape and function, and decline of PC12 neuron-liked cells spines. Morphological changes of neural cells would disturb the synaptic relationships of neural networks. However, we suggest that usage of SMFs may promote tubulin self-assembly in patients with neurodegenerative disorders but SMFs should not be applied for long times. 
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